Effort-based decision-making paradigms are increasingly utilized to gain insight into the nature of motivation deficits. Research has shown associations between effort-based decision making and experiential negative symptoms; however, the associations are not consistent. The current study had two primary goals. First, we aimed to replicate previous findings of a deficit in effort-based decision making among individuals with schizophrenia on a test of cognitive effort. Second, in a large sample combined from the current and a previous study, we sought to examine the association between negative symptoms and effort by including the related construct of defeatist beliefs. The results replicated previous findings of impaired cognitive effort-based decision making in schizophrenia. Defeatist beliefs significantly moderated the association between negative symptoms and effort-based decision making such that there was a strong association between high negative symptoms and deficits in effort-based decision making, but only among participants with high levels of defeatist beliefs. Thus, our findings suggest the relationship between negative symptoms and effort performance may be understood by taking into account the role of defeatist beliefs, and finding that might explain discrepancies in previous studies.
Introduction
Schizophrenia is associated with deficits in initiating and persisting in a wide range of goal-directed activities in the social, vocational, and independent living realms. 1 These difficulties are considered to be related to disturbances in motivation; however, our current understanding of motivational impairments in schizophrenia is quite limited. One way to approach the study of motivation in schizophrenia is with effort-based decision-making paradigms, and these have received considerable attention in recent years (for reviews see refs.
2-4 ). Effort-based decision-making tasks, based on animal models of motivation, measure the amount of effort one is willing to exert for different levels of reward. Preclinical studies demonstrate a general "law of least effort" in which animals choose to exert the least amount of effort necessary to obtain a given level of reward; when reward levels increase their willingness to expend effort generally increases. 5 For schizophrenia research, these tasks were designed to provide an objective, performance-based measure of motivation that is unencumbered by the pitfalls of self-report and subjective scales. 6 While there is evidence of an association between performance on effort tasks and clinically rated negative symptoms, the associations are sometime modest and are not yet fully understood.
Negative symptoms can be divided into motivational negative symptoms (ie, experiential symptoms, such as avolition, anhedonia, or asociality) and diminished expression (ie, expressive symptoms, such as blunted affect and alogia). Experiential negative symptoms, more so than expressive, are robust predictors of poor functional outcome. 7, 8 They are theoretically linked to the effort and reward valuation processes that contribute to performance on effort-based decision making. Effort-based decision-making tasks were intended to be performancebased analogs of clinically rated negative symptom scales and, indeed, several studies find some support for this association. [9] [10] [11] [12] [13] However, others failed to find significant associations or found them at a trend-level [14] [15] [16] [17] and one study paradoxically found the opposite pattern-higher negative symptoms correlated with more effort for higher reward amounts and probabilities. 18 Most of the effort tasks used in schizophrenia research measure physical effort (eg, button pressing and grip strength). Fewer studies have been done to examine cognitive effort tasks that require mental computations or increasing cognitive load (studies that do look at cognitive effort 10, 13, 16 ). A construct closely related to motivation and engagement in goal-oriented behavior is dysfunctional attitudes, also called defeatist beliefs. Defeatist beliefs refer to negative appraisals about one's self and one's ability to perform goal-directed tasks (eg, "Why bother, I'll just fail again"). 19 In cognitive-behavioral models of negative symptoms, defeatist beliefs are closely related to poor motivation. 20 They are endorsed at higher rates among individuals with schizophrenia than the general population and are associated with impaired real-world functioning. 7, [21] [22] [23] [24] Defeatist beliefs mediate the relationship between cognition and negative symptoms, as well as the relationship between cognition and impaired functional outcome. 19, 22, 23, 25, 26 Some studies have reported that interventions targeting defeatist beliefs reduce negative symptoms and improve functional outcome, 27, 28 while others found no association between change in defeatist beliefs and amotivation or functioning. 29 According to the widely accepted cognitive-behavioral model of negative symptoms, defeatist beliefs directly contribute to poor motivation in schizophrenia. 22 In Grant and Beck's theory, cognitive impairment and both negative symptoms and functioning are linked through defeatist beliefs. Individuals with schizophrenia have higher levels of defeatist beliefs than controls and defeatist beliefs are more prevalent in those with higher negative symptoms. Defeatist beliefs have been shown to mediate the association between cognitive deficits and negative symptoms and poor functioning: without defeatist beliefs, poor outcomes would be less associated with poor cognitive ability. Indeed, an empirically tested causal model showed a direct relationship from impaired ability (including cognition) to defeatist beliefs to motivational negative symptoms to poor daily functioning. 7 This model is consistent with Beck and Grant's theory that low expectations for success, based on past experiences, may contribute to social and instrumental withdrawal and diminished motivation. Defeatist beliefs may play a prominent role in affecting reward-related and effort-based behavior and may help explain the association between negative symptoms and performance on effort tasks. We are positing a moderation role for defeatist beliefs based on the idea that endorsement of defeatist beliefs may enhance the effect of experiential negative symptoms such that increasing the level of defeatist beliefs may increase the effect of experiential negative symptoms on effort-based decision making.
The current study had two goals. The first goal was to replicate the findings of our original study in which individuals with schizophrenia displayed decreased willingness to exert effort for rewards, compared to controls, on the Deck Choice Effort Task. 30 For this goal, we collected data from a sample of participants with schizophrenia and demographically matched healthy controls. The second goal of the current study was to extend our previous findings by combining our replication sample with the original sample and examining the combined group to better understand the relationships among performance-based effort, negative symptoms, and defeatist beliefs. In this larger sample, we evaluated bivariate associations between these constructs, as well as interactions among them. We wanted to test the possible moderating role of any key component of motivation, namely defeatist beliefs.
Methods

Participants
The replication sample included 33 individuals with schizophrenia and 30 demographically matched healthy controls; the combined replication and original sample includes 126 individuals with schizophrenia and 69 controls. Selection criteria for participants with schizophrenia included: (1) Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV-TR) diagnosis of schizophrenia determined with the Structured Clinical Interview for DSM-IV (SCID-I/P), 31 (2) age 18-60 years, (3) no clinically significant neurological disease, (4) no history of serious head injury, (5) no evidence of substance dependence in the past 6 months and no evidence of substance abuse in past month, (6) no history of mental retardation or developmental disability, and (7) clinically stable (ie, no inpatient hospitalizations for 3 months prior to enrollment, no changes in antipsychotic medication type in the 4 weeks prior to enrollment). Neurocognition and clinical symptom assessments were conducted by interviewers trained according to established procedures that included a library of videotaped interviews developed by the Treatment Unit of the Department of Veterans Affairs (VA) VISN 22 Mental Illness Research, Education, and Clinical Center (MIRECC). Symptom raters were trained to a minimum ICC of 0.80.
Selection criteria for both the original and replication healthy control samples included (1) no psychiatric history involving schizophrenia spectrum disorder (including avoidant, paranoid, schizotypal, or schizoid personality disorders), or other psychotic or recurrent axis I mood disorder, according to the SCID-I and SCID-II, (2) no family history of a psychotic disorder among first-degree relatives based on participant report, (3) no history of substance or alcohol dependence and no current substance use, (4) age 18-60 years, (5) no clinically significant neurological disease, and (6) no history of serious head injury. For all study participants, written informed consent was obtained prior to participation after providing Importance of Defeatist Performance Beliefs a complete description of the study in accordance with approval from the Institutional Review Boards at the VA Greater Los Angeles Healthcare System and UCLA.
Procedures
Deck Choice Effort Task
This task is based on a paradigm used in healthy samples to measure willingness to exert cognitive effort for different levels of monetary rewards. 32, 33 The task includes 36 forced-choice trials in which participants make a series of choices from one of two "decks" of cards (figure 1). The hard deck is composed of cards that alternate between two colors (each color requires a different mental activity) and participants alternate on each trial between making judgments about whether the numbers are odd/ even or if they are greater than/less than 5. The easy deck includes cards that are all the same color (requiring a single mental activity, such as saying whether the numbers are odd or even). Participants learn which judgment is associated with which color during practice rounds, which are repeated until over 70% accuracy is achieved. The easy deck always earns $0.10 reward, while the hard deck includes equal number of trials worth $0.10, $0.20, and $0.40. There are 10 cards in each deck and 12 choices of decks in each of the three high-demand reward conditions. Based on our initial psychometric and external validation studies of effort-based decision making tasks, 13, 30 the primary dependent variable used in correlational and hierarchical modeling is the difference score between percent of "hard" choices at the highest reward condition and the percent of "hard" choices at the lowest reward condition. Higher scores indicate greater willingness to exert effort for large versus small rewards. Difference scores present a problem for "inflexible responders" who selected either 100% hard tasks across all reward levels or 100% easy tasks across all reward levels. With difference scores, participants who select either all hard or all easy would both be assigned a value of "0" (ie, no difference between the highest and the lowest reward levels). Because these two subgroups of participants reflect qualitatively different response profiles and willingness to exert effort for rewards, it is a problem to give these very different subtypes the same value. For this reason, we removed from analyses participants who made only hard selections across all reward levels (that is, they had no room to demonstrate increases in effort allocation). Of the 126 individuals with schizophrenia included in the combined sample, 118 completed the deck choice task. Thirteen selected all hard trials across all three reward levels and were excluded from the combined sample analyses. Thus, the sample for these analyses includes 105 individuals with schizophrenia. We examined task performance using reaction time and accuracy metrics. Following the practice rounds, in which feedback was provided, there were easy and hard nonfeedback trials without reward contingencies. These were used to compute mean reaction time and accuracy for each type of trial. We also analyzed mean accuracy across all hard decks (ie, high effort) selected in the reward section of the task.
Symptoms
The psychiatric symptoms of participants with schizophrenia were evaluated using the Positive and Negative Syndrome Scale (PANSS) 34 and the Clinical Assessment Interview for Negative Symptoms (CAINS). 35 The PANSS is a 30-item structured interview that yields symptom factor scores on five dimensions; we used the positive, negative, and depression symptom factor scores to characterize the sample. 36 The CAINS is a 13-item instrument that yields two subscales (0-4), which measure the two primary negative symptom factors: Motivation and Pleasure (MAP) which measures experiential negative symptoms and Expression.
Cognition
The MATRICS Consensus Cognitive Battery (MCCB) 37 was used to assess cognitive functioning. The MCCB includes 10 tests to measure seven domains of cognition: speed of processing, attention/vigilance, working memory, verbal memory, visual memory, reasoning and problem solving, and social cognition. Standardized T-scores were computed for each of the seven domains, correcting for age and gender. The composite score was based on the average T-score from each of the domains and served as the primary dependent measure in this study.
Defeatist Beliefs
Defeatist Performance Attitude Scale (DPAS) 38 is a 15-item subscale of the Dysfunctional Attitude Scale. It assesses an individual's tendency to overgeneralize from past failures to expected future failures (eg, "If I fail partly, it is as bad as being a complete failure," "People will probably think less of me if I make a mistake," "If I ask a question it makes me look inferior"). Scoring for these items is on a 7-point scale (1-7) with higher scores indicating greater severity of defeatist attitudes (range for DPAS total = 15-105).
Statistical Analysis
First, two-tailed t tests and chi-squared analyses were used to examine demographic and clinical characteristics across groups for the replication and combined samples. Second, for the replication sample, we examined main effects of reward and group, as well as interactions between reward level and group using repeated measures ANOVA with reward level as a within-subject factor. We also computed effect sizes of these effects to compare to the original study. The remaining analyses were conducted with the combined sample. Pearson's correlations were used to examine associations between performance on the effort task and negative symptoms, defeatist beliefs, cognition, and depression. Hierarchical multiple linear regression was used to examine whether there was an interaction between experiential negative symptoms and defeatist performance beliefs on effort-based decision making. We used the SPSS macro PROCESS (model template number 1 by Hayes) 39 to formally test a moderating effect using the bootstrapping method. To avoid potentially problematic high multicollinearity with the interaction term, the variables were centered and an interaction between MAP and DPAS was created. 40 Table 1 provides the demographic characteristics, symptoms, cognition, and task performance of the replication sample and the larger combined sample (the original sample is described in detail in ref. 30 ). For both samples, the schizophrenia and control groups did not differ in age, parental education, sex, or ethnicity. As expected, participants with schizophrenia had significantly lower personal education than controls. The replication sample did not differ from the original sample in any clinical characteristic (demographics or symptoms; Supplemental table 1). We compared the 13 participants that were excluded because of inflexible responding (selected all hard trials across all three reward levels) with the remaining schizophrenia sample and found no differences in demographics, cognition, or clinical symptoms. We also compared the two samples in terms of task performance: reaction time and accuracy. There were no differences in either the patient groups or control groups included in the replication and combined samples in terms of task performance.
Results
Participants
Schizophrenia-Control Group Differences (Replication Sample)
There was a significant main effect of reward (F (2, 96) = 42.3, P < .001), with increased willingness to exert effort at the higher reward levels for both participants with schizophrenia and controls. The main effect of group was nonsignificant (F (1,48) = 2.0, P = .16). Importantly, we found a significant group by reward interaction (F (2, 96) = 4.0, P = .02, partial eta squared = .08), such that participants with schizophrenia and controls were roughly equivalent in proportion of hard trial choices at the lowest level of reward, but controls were more willing to select hard trials as reward values increased compared with participants with schizophrenia ( figure 2) . Hence, the previous results for group differences in response to reward were replicated.
Correlations with Clinical and Cognitive Variables (Combined Sample)
Correlations between variables of interest are presented in table 2. There were no significant correlations between the Deck Choice Effort Task difference score and the CAINS subscales (MAP and Expressive), DPAS, or depression. There was a significant correlation between cognition and effort (r = .33, P < .01). This finding is consistent with that from our original sample in which cognitive functioning was significantly associated with effort expenditure on the Deck Choice Effort Task. We conducted correlational analyses between the Deck Choice Effort Task difference score and CPZ equivalents and found no correlation.
Interaction Between Negative Symptoms and Defeatist Beliefs (Combined Sample)
For this analysis, the difference score between hardeffort choices at the high and low reward levels was the dependent variable. Because we were primarily interested in the part of effort performance related to motivation per se and not cognitive ability, we conducted the hierarchical linear regression models with and without cognition included as a covariate. Results with cognition are included here and without are included in Supplementary material. In the first step of the hierarchical multiple regression analysis, three variables were included: MAP, DPAS, and cognition. These variables accounted for a significant amount of variance in effort expenditure R 2 = .11, F (3, 102) = 4.0, P =.01 (table 3) . Next, the interaction term between DPAS and MAP was added to the model, which accounted for a significant proportion of the additional variance in effort expenditure, Change R 2 = .06, Change F (1, 98) = 7.25, P < .01, b = −.01, t (98) = −3.24, P = .002. Examination of the interaction plot showed that, as experiential negative symptoms and defeatist performance beliefs both increased, willingness to exert effort decreased (see green line in figure 3) . Results are presented with and without cognition included in the model (see Supplementary material for model specifics). The contribution of MAP and DPAS and their interaction term were equivalent with and without cognition. Cognition did significantly contribute to performance on the Deck Choice Effort Task.
We followed up this analysis with subgroup correlations to further understand the relationship between the defeatist beliefs, negative symptoms, and effort deficits within the schizophrenia group. We divided subjects into three groups based on their DPAS scores using a tertiary split (low DPAS range: 15-46; medium DPAS range: 46-56; high DPAS range: 56-98). The group with Fig. 2 . Schizophrenia-control group differences on willingness to exert effort for rewards on the deck choice effort task. Note: Abbreviations are explained in the first footnote to table 1. * P < .05. ** P < .01. the lowest defeatist beliefs had a nonsignificant positive correlation between MAP and willingness to exert effort to earn rewards (n = 41; r = .09, P = .57). The middle group had a non-significant correlation in the negative direction (n = 31; r = −.23, P = .21). The high defeatist beliefs group had a significant, negative correlation (n = 33; r = −.37; P = .03). When we compared these correlations using Fisher's r to z transformation, there were no significant differences at the .05 alpha level. Hence, the predicted association between performance-based effort and experiential negative symptoms is seen and is most clearly for those with high defeatist beliefs, although our sample size may limit significant differences between the groups.
Discussion
In the current study, we replicated the finding of a significant interaction between group and reward level in an independent replication sample on the Deck Choice Effort Task. Analysis of effect sizes support the consistency of these results: both studies showed small to medium effect sizes (original sample Cohen's d = .37; replication sample Cohen's d = .49). That is, individuals with schizophrenia did not increase the amount of effort they were willing to exert with increasing rewards to the same extent as controls. When we examined bivariate correlations in the combined sample, we did not find significant associations between effort-based decision making and either negative symptoms or defeatist beliefs. However, we found a significant interaction between experiential negative symptoms and defeatist beliefs. Specifically, defeatist beliefs moderated the relationship between experiential negative symptoms and willingness to exert effort. Those with high levels of defeatist beliefs and high experiential negative symptoms were less inclined to work harder to earn higher amounts of reward. This finding provides additional evidence of the importance of considering defeatist beliefs to understand motivation and outcome in schizophrenia. 7, 41, 42 We found evidence of defeatist beliefs as moderators in the relationship between experiential negative symptoms and effort-based decision making. Previous studies have found evidence for defeatist beliefs as mediators in the association between negative symptoms and outcome 22 or as proximal to negative symptoms in a sequence originating with cognitive or perceptual deficits (eg, refs 7, 43 ). We examined defeatist beliefs as a moderator because several studies have shown the association between negative symptoms and effort, but the lack of consistent large correlations indicated other variables may be at play. A recent review highlighted the fact that although there is evidence for a relationship between defeatist beliefs, negative symptoms, and functional outcome, it is not known when in a developmental sequence defeatist beliefs might come online or what accounts for the variability in defeatist belief severity within a sample of people with negative symptoms. 44 Our current findings do not preclude defeatist beliefs as mediators and do not directly speak to the developmental sequence of factors. The moderation influence in this study indicates that under certain conditions (ie, high levels of defeatist performance beliefs), experiential negative symptoms are significantly related to low levels of willingness to exert effort on a cognitive effort-based decision-making task. We do know that those with the most severe negative symptoms have significantly higher levels of defeatist beliefs, 43 and it appears that the confluence of these factors is useful in predicting low levels of willingness to exert cognitive effort. Not surprisingly, cognition also significantly contributed to performance on the Deck Choice Effort Task. The task is designed to elicit exertion of cognitive effort and performance has been shown to correlate with cognitive ability in a previous study. 13 Importantly, including cognition as a predictor in the regression model did not reduce the predictive contribution of the negative symptom and defeatist belief interaction; thus, irrespective of cognition, the motivational, and psychological factors predict willingness to exert effort on the task.
Although individuals with schizophrenia are often aggregated together in clinical research, the clinical heterogeneity of the disorder calls for examination of clinically meaningful subgroups or dimensions. In the current study, bivariate associations were not apparent, but the multimeasure approach illuminated meaningful patterns. Motivation is a multifaceted construct that includes not only the ability to experience and seek pleasure but also value estimation and reward prediction, effort valuation, and decision-making processes. 45 Assessing various dimensions of motivation, and using multimodal techniques, may be an important avenue to elucidate meaningful interactions between the various components. One example of such multimodal analysis is demonstrated in a recent study that examined defeatist beliefs in relation to effort exertion as measured by pupil dilation and found participants with high defeatist beliefs, as opposed to those with mild levels of defeatist beliefs, did not show an increase in the physiological index of effort from easy to hard tasks (ie, digit span tasks). 46 This finding suggests that those with high defeatist beliefs were less willing to exert effort on this task and had poorer performance. Other neuroscientific techniques including EEG and fMRI could tap into certain processing components of motivation and complement the information gathered from self-report and performance-based measures.
Clinical research further supports the notion of various determinants of motivation. Randomized clinical trials targeting negative symptoms and functional outcome show that the interaction between motivation and defeatist beliefs is relevant for meaningful clinical gains. 27, 28, 47 For example, Granholm et al. found that defeatist beliefs were related to response to a cognitive-behavioral social skills training intervention such that reduction in defeatist beliefs was associated with more improvement in functioning following treatment, and those with more severe defeatist beliefs at baseline had more benefit from treatment than participants with less severe defeatist beliefs. 28 Those individuals with high defeatist beliefs may be the most vulnerable to poor functional outcomes and could be identified as appropriate for cognitive and behavioral therapies that target defeatist cognitive schemas (this has been done in several recent studies; see refs 42, [47] [48] [49] ). Effort-based decision-making tasks are still in the early stages of development. They are likely important tools to assess effort-based decisional processes that may contribute to negative symptoms, but it is not yet entirely clear how they fit into a complex construct like motivation. Furthermore, psychometric properties and test-retest reliability (reproducibility) of findings are important to describe for each developed task. We have partially answered our question regarding why there is not a stronger association between experiential negative symptoms and performance on effort-based decision making-defeatist beliefs appear to play an important role, but there may be other contributing factors as well. In the current paper, we can only comment on the types of motivation we examined and we were limited in the range of constructs and assessments we included. In effort-based decision making, we included a measure of cognitive but not physical effort. In dysfunctional attitudes, we considered a measure of defeatist performance beliefs but did not include other potentially important aspects of motivation, such as asocial attitudes, social motivation, or social preference. 50 In negative symptoms, we focused our attention on experiential negative symptoms as they theorized to be are the most closely related to reward-seeking behavior.
Supplementary Material
Supplementary material is available at Schizophrenia Bulletin online.
Funding
This project was funded by a VA MERIT Award to WPH (5101CX000593).
